The massive transfer of information from the neocortex to the entorhinal cortex (and 30 viceversa) is hindered by a powerful inhibitory control generated in the perirhinal cortex. In 31 vivo and in vitro experiments performed in rodents and cats support this conclusion, further 32 extended in the present study to the analysis of the interaction between the entorhinal cortex 33 and other parahippocampal areas, such as the postrhinal and the retrosplenial cortices. The 34 experiments were performed in the in vitro isolated guinea pig brain by a combined approach 35 based on electrophysiological recordings and fast imaging of optical signals generated by 36 voltage-sensitive dyes applied to the entire brain by arterial perfusion. 37 Local stimuli delivered in different portions of the perirhinal, postrhinal and 38 retrosplenial cortex evoked local responses that did not propagate to the entorhinal cortex. 39 Neither high frequency and low frequency patterned stimulation nor paired associative stimuli 40 facilitated the propagation of activity to the entorhinal region. Similar stimulations performed 41 during cholinergic neuromodulation with carbachol were also ineffective in overcoming the 42 inhibitory network that controls propagation to the entorhinal cortex. 43 The pharmacological inactivation of GABAergic transmission by local application of 44 bicuculline (1 mM) in area 36 of the perirhinal cortex facilitated the longitudinal (rostro-45 caudal) propagation of activity into the perirhinal/postrhinal cortices, but did not cause 46 propagation into the entorhinal cortex. Bicuculline injection in both area 35 and medial 47 entorhinal cortex released the inhibitory control and allowed the propagation of the neural 48 activity to the entorhinal cortex. 49 These results demonstrate that, as for the perirhinal-entorhinal reciprocal interactions, 50 also the connections between the postrhinal/retrosplenial cortices and the entorhinal region 51 are subject to a powerfull inhibitory control.
Introduction 54
The parahippocampal region (PHR) is the main cortical input and output from and to the 55 hippocampus and is critically involved in memory processes (Qin et al. 2009 );(Eichenbaum et findings are further supported by a study performed on tangential rat slices in vitro (Martina, 82 Royer, and Pare 2001) and by anatomical studies with anterograde and retrograde tracers 83 (Furtak et al. 2007) . 84 Optical recording with voltage sensitive dye (VSD) is the most appropriate method to 85 investigate the propagation of the neuronal activity throughout different cerebral areas. In the 86 last years this technique has significantly improved in term of i) temporal and spatial 87 resolution, ii) signal-to-noise ratio and iii) decrease of photo-toxicity. Optical imaging of VSD 88 has been successfully applied on the isolated guinea pig whole-brain (de Curtis et al. 1999) ; 89 Gnatkovsky et al. 2006) . This experimental preparation is ideal to study propagation of 90 neuronal signals in cortical structures that are not accessible during in vivo experiments and 91 lie on the ventro-lateral surface of the brain, such as the parahippocampal region. Optical 92 imaging experiments performed in the isolated brain preparation demonstrated that activity 93 generated within the EC does not propagate to the lateral PRC (Biella et al. 2003) , even 94 though stimulation of the lateral portion of the EC is able to induce field responses in the 95 neighbouring area 35 in coronal rat slices (Liu and Bilkey 1997) . Furthermore, despite the 96 existence of a consistent bulk of reciprocal axonal connections among the EC and both PRC 97 and PostRC, imaging and electrophysiological data do not show any response in these areas 98 when the EC is massively activated by the olfactory input (Biella, Gnatkovsky, Takashima, recycled for 45 minutes through the perfusion system. After staining, the excess of dye was 138 washed by perfusing the brain with a dye-free solution. After 30 minutes of dye perfusion the 139 fluorescence intensity of the parahippocampal region were tested. A single staining of the 140 brain allowed recording of the evoked fluorescent signal for 3-4 h. Optical signals were 141 acquired with either the high-resolution (1/2 inch) or the high-speed (1/5 inch) MiCAM-02 142 camera system (SciMedia, Irvine, CA; developed by BrainVision, Tsukuba, Japan) 143 Signal amplitude has been normalized using the ΔF/F method, where F is the total 144 fluorescent signal and ΔF corresponds to change in fluorescence observed following evoked 145 modification of the membrane potential. To improve the signal-to-noise ratio we averaged 146 signals detected in 7-14 consecutive trials, over a number of 2-4 flanked pixels. Dependent 147 on the camera type and the lens utilized, exposed brain area varied from 3.2x4.8 mm to this theoretical estimate, we never recorded epileptiform discharges in the EC, confirming 163 that bicuculline did not diffuse massively in this region. Since PRC and PostRC are reciprocally connected multisensory associative regions that 201 receive axonal afferents from many neocortical areas, we hypothesized that the flow of 202 information from neocortex to the hippocampus, deeply inhibited in these two regions, could 203 be enhanced throughout a mechanism based on the association among different stimuli. As clearly indicates when and where a neuronal population increases its excitability compared to 296 a baseline control condition. VSD imaging applied to the isolated guinea pig brain represents 297 the optimal choice to investigate the propagation of the neural activity within the PHR, a 298 region that is difficult to access in vivo because of its ventral position at the base of the brain.
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Moreover, VSD imaging in the isolated brain preparation could be coupled to different 
